INTRODUCTION
In exocrine acinar cells, stimulus-secretion coupling is achieved using raised intracellular Ca2+ as an intracellular second messenger. In response to agonist stimulation and membrane receptormediated activation ofphospholipase C, the cleavage ofphosphatidylinositol 4,5-bisphosphate generates Ins(1,4,5)P3, which releases Ca2+ from intracellular stores. The sesquiterpene lactone thapsigargin has been shown to inhibit the microsomal ATPase in a variety of cell types and give rise to a slow increase in intracellular Ca2` [1] [2] [3] [4] [5] [6] . Studies in exocrine glands have indicated that the actions of Ins(1,4,5)P3 and thapsigargin are not additive and therefore that thapsigargin mobilizes intracellular Ca2+ largely from Ins(1,4,5)P3-dependent Ca2+ pools [5, 6] . In recent years thapsigargin has gained acceptance as a tool with which Ins(1,4,5)P3-dependent Ca2+ pools may be emptied in the absence of any increase in intracellular Ins(1,4,5)P3 levels [7, 8] . There is, however, one aspect of the mechanism by which thapsigargin increases intracellular Ca2+ that has previously been little considered. Preventing Ca2+ re-uptake into Ins(1,4,5)P3-dependent Ca2+ pools is not by itself a sufficient mechanism to produce Ca2+ mobilization; there must also be Ca2+ 'leak' from these same pools. Under resting conditions, Ca2+ leak from intracellular pools must be precisely counterbalanced by re-uptake, but in the presence of thapsigargin, re-uptake is inhibited and leak from the intracellular pools slowly increases the intracellular Ca2 . In the present study we 
MATERIALS AND METHODS
Adult male CDl mice were killed by cervical dislocation and lacrimal cells were isolated by collagenase (Worthington Diagnostic U.S.A.) digestion [9] . Cells were allowed to attach to a plastic Petri dish and were viewed at x 400 magnification. The whole-cell configuration was achieved with single cells using 1.5-2.0 MQ2 patch-clamp pipettes pulled from Assistant haematocrit tubing using a DMZ pipette puller. Access resistance through the patch pipette was approximately three times that of the pipette itself. Cells were voltage clamped to -30 mV using the List EPC7 (List Electronics, Darmstadt, Germany) patch-clamp amplifier. K+ and Cl-currents were measured separately by pulsing to 0 mV and -80 mV respectively for 100 ms twice per second [10] . Currents were digitized using the CED 1401 interface (Cambridge Electronics Design, Cambridge, U.K.) and stored and analysed using an IBM AT compatible computer with custom-written software [11] Heparin is known to be a potent antagonist of the Ins(1,4,5)P3
receptor [16, 17] and to inhibit Ins(1,4,5)P3-mediated activation of Ca2+-dependent ion channels in a number of cell types, including exocrine acinar cells [18, 19] . Figure 2( inhibited Ca2+ mobilization caused by thapsigargin. This was an unexpected result, as it has previously been shown that thapsigargin has no effect on Ins(1,4,5)PJ metabolism [7, 8] . [9, 14, 24, 25] . Preincubation One welldocumented effect of caffeine is to inhibit phosphodiesterase activity and increase cyclic nucleotide activity [26] . Cyclic AMP has beehshown to inhibit Ins(1,4,5)P3 metabolism [27] [28] [29] and to inhibit agonist-evoked repetitive transient K+ and C1-currents in mouse submandibular cells [10] . However, preincubation with cyclic AMP or cyclic GMP in the concentration range 10, uM-l mM or with membrane-permeable chlorophenylthio cyclic AMP (100,M) in the extracellular medium had no detectable effect on Ca2+ mobilization induced by subsequent addition of thapsigargin (results not shown). Thus it seems unlikely that inhibition of phosphodiesterase activity and increased cyclic nucleotide levels are the means by which caffeine inhibits thapsigargin-mediated Ca2+ mobilization; how caffeine exerts this action remains unclear.
Acutely isolated acinar cells from exocrine glands have proved to be a useful model system for investigating intracellular signalling by raised intracellular [Ca2+] . Studies using these cells have greatly contributed to our understanding of the processes by which intracellular Ca2+ is mobilized and how activation of Ca2+ influx is achieved. In the present study, thapsigargin-evoked Ca2+ mobilization in acutely isolated mouse lacrimal cells was completely blocked by heparin, indicating that the background Ca2+ leak from microsomal stores is an Ins(1,4,5)P3-mediated process. It is likely that there are other Ca2+ leak pathways in these cells; however, in the presence of heparin or caffeine, these leak pathways alone are unable to elevate intracellular [Ca2+] sufficiently to activate the Ca2+-dependent K+ current. The plasma membrane Ca2+-ATPase will continue to function in the presence of thapsigargin, and thus Ca2+ extrusion could account for the inability to detect rises in intracellular [Ca2+] due to any Ins(1,4,5)P3-independent Ca2+ leak. Studies on other tissues, including one on mouse lacrimal cells maintained in primary culture and one on rat lacrimal cells, have shown little or no inhibition of thapsigargin-evoked Ca2+ mobilization by heparin [4, 24, [30] [31] [32] [33] . Presumably the alternative sources of Ca2+ leak dominate in these cells. Species differences and effects of cell isolation techniques on basal rates of Ca2+ leak from intracellular Ca2+ pools have not been investigated, but may prove to be important if the determining factor in whether or not thapsigargin can mobilize Ca2+ in the presence of heparin is a balance between Ins(1,4,5)P3-insensitive Ca2+ leak and Ca2+ extrusion.
Another important difference between mouse and rat lacrimal cells is their respective sensitivities to exogenous Ins(1,4,5)P3. Acutely isolated mouse lacrimal cells require very high Ins(1,4,5)P3 levels to be introduced before significant activation of Ca2+-dependent currents is achieved [9, 14, 24, 25] . The difReceived 2 August 1993/28 October 1993; accepted 4 November 1993 ference we now report in the nature of the Ca21 leak may reflect another aspect of the same phenomenon.
